Abstract-In this work the relative permittivity ( ′), dielectric loss ( ") and AC-conductivity ( ) for commercial polytetrafluroethylene (PTFE) have been measured at different temperatures (20-110°С) and over the frequency range from 10 KHz to 1 MHz. The infrared (IR) spectra of PTFE also been investigated to detect the presence of polar groups and carbon double bonds. The relative permittivity had observed to decrease with increasing frequency and temperature. Some loss peaks were observed in the dielectric loss spectra, which referred to the relaxation, arises from the orientation of unsaturated double ( = ) bond and polar additives. The diameter of the semicircles in Cole-Cole ( " versus ′) plots are not coincides with x-axis at different temperature which reveals that the relaxation processes are non-Debye type. The AC-conductivity increases with increasing of frequency and almost independent on the temperature.
permittivity and dielectric loss reveal significant information about the chemical and physical state of polymers (Vijayalakshmi, Ashokan and Shridhar, 2000) . For electrical insulation application, a large band gap, a low relative permittivity and a low dielectric loss over a wide frequency range are desirable (Dilip, 1994) . Non-polar polymers like polyethylene (PE), polypropylene (PP) and polytetrafluoroethylene (PTFE) are very important electrical insulating and dielectric materials. They are used in the increasingly high AC electric field strength region approaching to the limit of electrical breakdown strength of the material (Fujii, et al., 2006) . PTFE polymer is an engineering thermoplastic which shows a remarkable chemical resistance, electrical insulating properties as well as a low friction coefficient. These mentioned properties enables PTFE polymer as a raw material for non-stick coatings, electrical components, bearing and tapes (Stuart, 2002) . The PTFE is insoluble in all common solvents and is highly resistant to chemical attack. Its combination of electrical properties is outstanding with high dielectric strength and extremely low dielectric loss. PTFE is very stable over the widest temperature range of any known insulating polymer (Duncan and Mark, 2002) . In this paper we report the dielectric properties and AC conductivity of commercial PTFE which is known as Teflon (Trade name), at different temperatures and different frequencies. IR spectra have also been reported.
II. EXPERIMENTAL METHOD

A. Sample Preparation
The PTFE used in the present work is obtained from the commercial source (Nokan Plastic Factory). The PTFE sample is impure and, produced by extrusion molding. For the dielectric measurements, the PTFE sample was cut into slab of 6 cm in diameter and 1.75 mm in thickness by using precision micrometer. The surface of the PTFE sample was polished in order to get a smooth surface for good electrical contact between the sample and the electrodes. The dielectric loss cell was locally designed. The heating coil was made from a resistive wire in the form of circular coil arranged symmetrically in the chamber. The resistance coil is connected Structure, Dielectric Properties and AC Behavior of Commercial Polytetrafluroethylene (PTFE) Polymer to an A.C source variac transformer. The current through this heater was adjusted to optimal. To eliminate temperature gradient the system was heated for several hours to achieve thermal equilibrium. The sample holders which were used to measure the electric parameters are two identical discs of aluminum (5.6 cm diameter). The lower disc is fixed, while the upper is movable by using a screw to ensure good electrical contacts between the electrodes and the sample; this enables us to avoid the parasite capacitance induced by the presence of air interstices at the interfaces between the sample and the electrodes. The thermocouples were used to record the temperature are not attached to the capacitor plates directly because they may produce a leak which may changes the value of the capacitance, therefore it was set as close as possible to the capacitor plate as the thickness of one mica sheet.
B. Infrared (IR) Measurement
The IR spectra of PTFE polymer was obtained at room temperature in the wave number (450-4000 cm-1) with double beam recording IR spectrometer (Perkin Elmer). For IR measurement the solid PTFE was simply converted to powder form (1 mg) using the saw method.
The KBr and PTFE powder was mixed and then compressed at 10 tones to form 1 mm thick disk for IR analysis.
C. Dielectric and AC Measurement
Dielectric and AC conductivity measurements were performed using Programmable Automatic Precision RCL meter type PM6036. During the experiment, the temperature was measured using Alumel-Chromel constantan thermocouple, which was accurate to ± 1°С, with digital thermometer TM-914C (40~1200°С).
The resistance and capacitance of PTFE sample was measured at different temperatures and different frequencies, from which the dielectric constant, dielectric loss and AC conductivity was calculated by some relations, were presented in later sections. Fig. 1 shows the IR spectra of commercial polytetrafluoroethylene (PTFE) at room temperature. IR spectroscopy is a popular method for characterizing polymers. This technique is based on the vibrations of the atoms of the molecule (Stuart, 2002) . The IR spectra shows a broad band in between 3550 and 2850 cm-1 which can be ascribed to both OH groups and water absorbed by KBr (Lucas, 2000; Macipe, et al., 1999) . The bands at 1637 and 1617 cm-1 was non-aromatic double bond stretching C=C. The peak at 1380 cm-1 is attributed to CF bending (Soo-Jin et al., 2003) , and the bands at 670 and 595 cm-1 are due to deformation vibrations (F-C-F) of CF 2 bending (Yang et al., 2007) . Thus the IR spectrum confirms the existence of unsaturated double bonds in the commercial PTFE sample. The other peaks are due to the impurities exist in the sample especially additives, stabilizers, fillers and many others.
III. RESULTS AND DISCUSSION
A. IR Analysis
B. Dielectric Analysis
The study of dielectric relaxation phenomena is a powerful tool for understanding of the ion transport behavior and obtaining the information of ionic and molecular interaction in solid polymer (Pradhan, Choudhary snd Samantaray, 2008).
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The complex permittivity function:
Which is a materials property depending on frequency of the applied field, where ′( ) a relative permittivity that related to the energy is stored in the material and "( ) a dielectric loss which is proportional to the energy that is dissipated in each cycle (Okutan and Şentürk, 2008; Batoo, Kumar and Lee, 2009 ). The dielectric constant, dielectric loss and AC conductivity were estimated using the following relations (Mohamed and Gadou, 2005; Muhammad, Athar and Tasneem, 2005) : 
= .
Where C is capacitance of the polymer sample and:
is the permittivity of free space (8.85×10-12 F/m). A and L are the active area of the sample and its thickness, respectively, and R is the resistance of the polymer sample. is the angular frequency and is given by; = 2 . The relative permittivity curves of PTFE sample versus frequency at different temperatures are presented in Fig. 2 . Dielectric properties are a complex function of bulk permittivity, conductivity, size, shape, spatial arrangement of the constituents (the filler, platicizer and the matrix) and the testing frequency and temperature (Yang, et al., 2007) . It can be observed that for this nonpolar polymer, the relative permittivity is slightly frequency dependent, with a slight decrease as frequency increases from 10 KHz to 1 MHz. There are three types of polarization electronic, ionic and orientation. Dielectric materials ordinarily exhibit at least one of the mentioned polarization types depending on the material and also the manner of the external field application (Kuntaman and Ayten, 2002; Kittel, 2005) , polymers such as polystyrene and PTFE, have no polar groups so its permittivity reflects the displacement of electrons relative to nuclei, i. e., electronic polarization when an AC electric field is applied (Kuntaman and Ayten, 2002) . The decrease of relative permittivity with increasing frequency due to the dielectric dispersion as a result of the lag of molecules behind the alternation of the electric field at high frequency, i. e., there is no enough time for molecules to follow the alternation of the electric field at high frequency (rapid phase orientation) (Nada et al., 2004) . The total variation of relative dielectric constant against frequency and temperature is small, its value ranges between 1.766 and 1.789 and this is due to the nonpolar nature of PTFE and in this polymer the electronic polarization is dominant and occurs during a very short interval of time (of order of 10-15 sec.), (Khare and Sandeep, 2000) . In general, the variation of relative permittivity with temperature is different depending on the polarity of the polymers. For nonpolar polymers the relative permittivity is known to be slightly affected by temperature as depicted in Fig. 2 ; but in the case of strong polar polymers is completely different, that is, the relative permittivity increases as the temperature increases (Wong, Youterson and Sutherland, 2005) . The dielectric loss versus frequency at different temperatures for commercial PTFE are presented in Fig. 3 . It can be seen that at lower frequencies the dielectric loss (Fig. 3) is small but when the frequency is increased the dielectric loss is increased as well as some loss peaks are appeared which can be attributed to the presence of impurities and carbon double bonds as confirmed in IR study (Fig. 1) . The increase of dielectric loss with increasing frequency can be explained as follow: as the applied frequency increases, the inertia of the charged particles tends to prevent the particle displacements from keeping in phase as the field changes. This leads to a frictional damping mechanism that causes power loss, because work must be performed to overcome
′′ these damping forces. Most dielectrics, including ceramics and polymers, exhibit low loss at low frequencies but become lossy at high frequencies (James, 1998) . Low values of " (0.0021-0.0473) of PTFE are indicative of minimal conversions of electrical energy to heat and little overall energy loss. Regarding the peaks observed in Fig. 3 which due to the presence of unsaturated double bond ( = ) as confirmed by IR study and polar additives which may introduce dipole moments in PTFE, which may couple the molecular motions of a present sample to the external field and produce the γ and β-dielectric relaxation peaks which shift to high frequency. It can be observed that the peaks are broad and they are not symmetrical about its maximum, this suggests the fact that these peaks are due to distributed relaxation.
The dielectric loss versus relative permittivity (Cole-Cole plot) at temperatures 30 o C and 70 o C are presented in Fig. 4 and Fig. 5 . The shapes of the curves indicate that there are two different relaxations are contributing to the relaxation data.
The Cole-Cole plots shows a broad dispersion for ε" -ε' curve, which is correspond to a distribution of relaxation time and we have a lower loss maxima than those predicted by the Debye model and the ε" -ε' curves not falls inside the semicircle. The Cole-Cole plots from 30 to 70 o C inform us that the relaxation even in this temperature range cannot be described by single Debye relaxation. According to Debye model the ε" versus ε' must give a semicircle with a diameter coincides with the xaxis. Thus a non-Debye type relaxation can be concluded in commercial PTFE sample. In solid polymers, the dielectric response departs noticeably from the Debye behavior. The full width at half maximum (FWHM) is 0.007 and 0.008 at temperatures 30 o C and 70 o C respectively. Thus the FWHM of dielectric loss peaks are significantly smaller than 1.144 decades as predicted by the Debye model. In many cases the loss peaks are also observed to be asymmetric about the maximum peak frequency f p (Dilip, 1994) , as it can be seen in the present work (Fig. 4 and Fig. 5) . C. The AC Conductivity Analysis Fig. 6 shows the frequency dependence of AC conductivity at different temperatures. It is clear that the AC conductivity increase with increasing of frequency almost linearly. The deviation from the linearity at higher frequencies is ascribed to dispersion of molecules. The increase in AC conductivity with frequency and weak temperature dependence indicate that charge carriers are transported by hopping processes through defect sites along the chain (Vijayalakshmi, Ashokan and Shridhar, 2000) . The variation of AC conductivity with temperature at different frequencies is presented in Fig. 7 . As it is clear from Fig. 7 that the AC conductivity is almost temperature independent, but it can be observed that the AC conductivity increases with increasing frequency and has the higher value at 1MHz. This is due to frequency dependent of AC conductivity (σAC = 2.π.f.ɛ o .ɛʺ) (Tony and David, 2005; Saravanan, Anantharamanand and Venkatachalam, 2006) .
IV. CONCLUSION
The relative permittivity decreases with increasing frequency which can be attributed to the occurrence of dielectric dispersion, while its decrease with temperature can be ascribed to the temperature dependence of specific volume of the commercial PTFE sample. The appearance of some peaks in dielectric loss spectra are due to unsaturated double bonds ( = ) and many other impurities, which indicating the dielectric relaxation phenomena. From the " spectra measurement we conclude that the commercial PTFE is a low loss material. The uncompleted semicircle between ′ and " and the calculated value of FWHM at different temperatures reveal the non-Debye relaxation processes in PTFE sample. The increase of AC conductivity with increasing frequency is due to charge carrier's conduction via hopping process.
